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' I offer some computational details and useful and concise formulae to calculate the 

' effective potential for a general abelian supersymmetric model at high temperature 

f^^ , ' and density. It will be shown that such cases are very good candidates for symmetry 

, nonrestoration at high temperature, providing large densities are present. 

oo , 

I 1 Introduction 

^ ■ This talk is complementary to the one given by Goran Senjanovic u at the 

I same conference. The introduction, motivation, physical applications and main 

^■f-^ . references are already given there, so I will try to give some technical details. 

o . 

00 ■ 

Let me consider a general supersymmetric model with N chiral superfields, 
C~| ' M global U{1) symmetries and, for simplicity's sake, one single gauge U{1) 

C^i interaction. For each continuous symmetry a chemical potential corresponding 

^ • to the 0-component of the conserved current (= charge density) is introduced: 

(D : 

. 5^ I where 6°, /f and are the a*^ charges of the boson <j)i, fermion tpi and gaugino 

■ A. The summation over repeating^indices (a — 1,...,M + 1; i — 1,...,N) is 

H ' always assumed. Eq. pi generateso'El for each boson the term (qf = bf here) 

<5/:f M. = 9>a. (2) 

We are interested in the effective potential at temperatures T much bigger 
than any mass in the superpotential, and, to simplify the formulae, for chem- 
ical potentials not much bigger than the temperature. In this case, the only 
new relevant terms given by a nonzero charge are — a/if T^/ 12 for each field, 
where a = 1 for fermions and 2 for bosons. To see it, assume for a moment 
that the chemical potential fi corresponding to a field is an independent but 
nonpropagating field itself. One then calculate the one loop high T correction 
to the fi^ term in the effective potential: two external "fields" /i are connected 
by a loop of the corresponding field via the "interaction" terms in Eqs. hIm 
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The leading order effective potential at high temperature and density is 



Veff{c^^,T,n,) = Veff{(t>^,T,0) ~ ^fl" Mabfi' + fJ-^Ua , (3) 

where the (M + 1) x (Af + 1) symmetric matrix Ai is defined as 

M'^H^.T) = + 26^6^ + gV) + 26^6^10.1' ■ (4) 

The effective potential does not depend on the chemical potentials, so 

_^=0, ^{M-'r'n,, (5) 

V,ff{c^,,T,n,) = V,ff[c^,,T,Q) + ]^na{M-^T''nb ■ (6) 

There are some points to be stressed: 

1) Nonsupersymmetric models have a very similar matrix as the one defined 
in Eq. ^, except that the number of complex bosons 4>i is not necessarily equal 
to the number of Weyl fermions ipi and there are no gauginos A. 

2) A chemical potential /i" can be nonzero even if the corresponding charge 
density n" is zero, Eq. |[ So, a large charge density can give a nontrivial vev 
to fields which are blind to this charge. For example, one can spontaneously 
break the electromagnetic U{1), even if the universe is electrically neutral. 

3) One could work with a nonzero vev instead of the local U{1) chemical 
potential The equations are completely the same; one must just equate 
gAo — fi^'^^, while the charges of the boson field (pi and fermion field ipi are 
equal to the "electric charge", 6f +i = f.^'+^ = gf'^"9^ 

4) The first part of Eq. |^, i.e. Veff{4>i,T,0) minimizes for the symmetric 
vacuum, (jji = 0. This is a consequence of the constraints of supersymmetry, 
the result being valid even for nonrenormalizable superpotentialsQ. Ordinary 
models behave differently and allow also nontrivial minima. 

5) Due to the previous remark, it is then the second part of Eq. |^ which 
decides whether we get symmetry nonrestoration or not. Typically one has 

« + so that its inverse minimizes for an infinite vev. For small 
charge densities the first term in Eq. ^ dominates, while for large densities 
both terms are important, leading to symmetry nonrestoration. The critical 
value for this to happen is clearly proportional to T^, the temperature being 
the only remaining scale. Notice that any conserved charge density in the 
early universe is proportional to T^, so the ratio between the charge density in 
the universe and the critical density is a constant number as long as possible 
symmetry breaking terms at low energy are not important. 
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3 Conclusions 

I have given some general formulae and expressions, which can be useful in 
studying the effective potential at high temperature and density. In all the 
examples checked, they lead to symmetry nonrestoration for sufficiently large 
charge densities, the simplest example being the one given in Ref. eI. 

The above equations can be generalized for the nonabelian gauge symme- 
tries. One must intcpduce only the chemical potentials corresponding to the 
diagonal generators 0. Nonabelian generators are traceless, so the associated 
chemical potentials can become nonzero only after the appearence of some 
nontrivial vev. In order to calculate the first critical charge density (different 
fields get usually nonzero vevs at different stages), one can then ignore the 
chemical potentials corresponding to the nonabelian symmetry. 

Of course, one is especially interested in realistic models, like for example 
the MSSM or SUSY GUTs. Typically, at sufficiently large charge densities, all 
the complex fields get a nonzero vev, so the symmetry seems to be completely 
broken in this case. Further studies need to be done, however, since the anal- 
yses of the effective potential become very involved once many different fields 
are introduced, as is the case with the MSSM. In any case, the answer to the 
title seems to be simply no, given a large enough density. 
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